Most work around technological interventions for energy conservation to date has focussed on changing individual behaviour. Hence, there is limited understanding of communal settings, such as office environments, as sites for intervention. Even when energy consumption in the workplace has been considered, the emphasis has typically been on the individual. To address this gap, we conducted a study of energy consumption and management in one workplace, based on a combination of workshops with a broad range of stakeholders, and quantitative data inspections. We report and discuss findings from this study, in light of prior literature, and we present a set of implications for design and further research. In particular, three themes, and associated intervention opportunities, emerged from our data: (1) energy wastage related to "errors"; (2) the role of company policies and the negotiation that surrounds their implementation; and (3) the bigger energy picture of procurement, construction and travel.
INTRODUCTION
Climate change is a global threat: reducing the energy consumed by living and working in buildings is one significant opportunity to reduce the greenhouse gas emissions that fuel this threat. The CSCW, HCI and Ubicomp communities have been addressing this challenge in terms of reducing energy demand, mostly focussing on understanding and changing individual behaviour, yet there is a gap in the understanding of communal settings, such as an office environment, as sites for intervention. A significant portion of the population spends most of their time in offices, hence that is where a large share Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. CSCW '16, February 27-March 02, 2016, San Francisco, CA, USA Copyright is held by the owner/author(s). Publication rights licensed to ACM. ACM 978-1-4503-3592-8/16/02$15.00 DOI: http://dx.doi.org/10.1145/2818048.2819993 of our energy consumption takes place. In shifting our focus, we believe that it is necessary to reassess our understanding of energy consumption, which has been informed mostly through studies of the home [8, 12, 43] .
Even the smaller set of prior work addressing energy consumption in the workplace still focuses mostly on the individual: it concentrates on the electrical appliances over which single employees, or very small groups, have control. Examples include personal computers, task lights, and telephones (e.g., [30, 44, 47] ); individually controlled machines in industrial workshops (e.g., [41] ); or individual apportionment of shared resources, such as how many pages each employee prints [35] . In contrast, we draw attention to consumption that is intrinsically difficult, or impossible to apportion precisely, such as that related to building and domestic water heating, network servers, and appliances used for services beneficial to everyone in the building, such as cleaning and maintenance. Closely related to heating is the notion of comfort, which is well understood to be a driver of consumption [9, 40] . What opportunities and barriers to energy savings exist around these issues? How are responsibility and decisionmaking around energy shared? Such analysis is relatively absent from the literature, but we argue it is critical to support the design of novel, appropriate technologies to reduce energy consumption.
To explore this gap in understanding, and look for concrete opportunities for intervention, we conducted a study of energy consumption and management in one particular building -Arrow Hill 1 -used by a UK district council (a regional government body). We conducted two workshops with a broad range of stakeholders from the council, from energy and facilities managers to employees working in the building; one workshop was structured to an extent around visualisations of quantitative data from the building monitoring systems, while one focused on unpacking workplace comfort. We complemented the workshops by subsequently collecting evidence of reductions in consumption through follow-up data inspections. In this paper we present the data we collected, its discussion, and a set of implications for design and further research that we derived. In particular, three themes, and associated intervention opportunities, emerged from our data: (1) energy wastage related to "errors"; (2) the role of company policies and the negotiation that surrounds their implementation; and (3) the bigger energy picture of procurement, construction and travel. These themes go beyond what prior lit- 1 an invented name to protect the privacy of our participants erature addressed, hence their definition and the implications they lead to constitute the contribution of this paper.
RELATED WORK
There is now a significant body of work that describes studies of energy consumption in the home (e.g. [8] ) and interventions that seek to reduce domestic energy consumption (see [16] ). Reviews of such work for national policy makers have asserted potential for reductions in electricity consumption ranging up to 15% as a result of feeding back house-level energy profiles to domestic occupants [11] . In comparison to domestic research, there have been fewer studies that focus on energy use in the workplace, as noted by recent reviews (e.g. [34] ), despite it being known that organisations are typically poor at identifying and addressing energy inefficiencies [45] .
Designing appropriate interventions for other environments requires an understanding of their characteristics. Some work has recently been carried out to this end by other researchers. Jain et al. provide an insight into the attitudes and concerns of office staff, revealing barriers that prevent efforts to conserve [22] , while Schwartz et al. highlighted the controversial nature of revealing energy data out of context of situated practices (e.g. to a distant manager) [37] . Foster et al. conducted workshops with a range of staff to explore perceptions of energy use in the workplace, also emphasising the need for workplace interventions to be particularly sensitive to specific organisational cultures [17] . Through a set of interviews Castelli et al. note that there are differences between industrial and office-based work settings [7] , and propose that enterprise information systems should present energy consumption information according to different users' roles. This related work calls for further studies that reveal unique characteristics of workplaces -our paper extends such work by contributing empirical evidence and identifying specific issues that confound attempts to save energy in workplaces, including the scattered knowledge of context of consumption; the ever-evolving nature of workplace architecture, layouts, occupancy and infrastructure; political tensions around hierarchy and organisational change; and the difficulty of communication across organisations.
Examples of existing interventions into workplaces provide useful insights into what may or may not create energy savings. Building certification schemes such as LEED 2 address energy consumption in the workplace. While mostly focusing on guiding sustainable building management, the LEED system also recommends a digital display (the LEED Dynamic Plaque 3 ) providing summative measures of the building's performance to staff. However, research has shown that these schemes tend to deliver negligible impact [28, 39] .
Existing research interventions in the workplace adopt a variety of approaches. An early study by Siero et al. [41] found that comparative feedback given to staff in an industrial setting results in energy efficiency gains. Katzeff et al. report field studies of two design probes to investigate employees' interpretation of eco-feedback, highlighting the challenges of defining best practice around effective workplace interventions [25] . Pousman et al. [35] proposed Imprint, a system that tracks the documents people print in the work environment, and provides a visualisation of the resources consumed in this way on a semi-public display. Jentsch et al. [23] presented an energy-saving support system for work environments that leverages a variety of sensors (temperature, electricity, light, contact) to provide workers with suggestions about how to act in an environmentally friendly way, however no real-world evaluation is reported. A number of other interventions in office environments take the form of games. Climate Race [42] used sensors to track players' energy-related behaviour (e.g., switching off lights when not in) awarding positive or negative points as appropriate. In the Energy Chickens game [30] , virtual pets represent the energy consumed by individual devices; their visual aspect is designed to encourage staff towards lower consumption. The IdleWars game [44] targets a specific wasteful individual behaviour: leaving personal computers on when not in use. The game design aims at curtailing such phenomenon, but evaluation revealed mixed results. Beyond games, Yun et al. present a study of an "intelligent dashboard" which allows office workers to monitor, remotely control and schedule the power-off times of a number of personal devices [47] . Their evaluation results indicate that remote control and automatic scheduling are effective in delivering energy savings.
These interventions suggest that it is possible to make an impact, but they also highlight research gaps. For example, a common focus of these interventions is that they target energy consumption related to individual employees. Recent critiques and meta-reviews of sustainable HCI have suggested that a tight focus on individual behaviour is limiting the HCI community's impact on global environmental issues [31, 26] . The community has been encouraged to shift away from considering sustainability purely as a resource management issue [43] , to question whether new technology can be the answer to sustainability issues [2] , and to think more holistically about where consumption happens and why [31, 26] . As detailed in our discussion section, our findings strongly resonate with some of the arguments put forward in these critiques. However, our work is original in that it grounds the discussion in empirical data, opening up discussion around underexplored aspects of sustainability. Our research specifically addresses consumption that goes beyond the individual, such as space heating, and issues relating to consumption that are shared, such as thermal comfort.
Thermal comfort has an important link to energy consumption: Shove describes the convergence of factors that has led to the goal of maintaining "room temperature" [40] . Milenkovic et al. have demonstrated that, as a result, staff typically feel low levels of control over their personal comfort [27] . Smart heating systems have been explored in recent ubicomp research. For example, PreHeat leverages presence sensors and machine learning to optimize heating energy efficiency [21] . Clear et al. suggest that ubicomp can contribute towards allowing building occupants to pursue personal comfort goals and use less energy collectively as a result [9] . In-deed, Feldmeier and Paradiso presented a control system to allow individual occupants to customize their office climate [15] . While such technology could have considerable implications on workplace sustainability, the system has reportedly been tested only in one specific building (where the system was developed), and over one specific season (cooling). So it is unclear how well its benefits may generalize, leaving the problem of negotiating communal thermal comfort open.
Our research method -data exploration workshops, bringing together multiple stakeholders -was deliberately chosen to tackle these shared issues. In addition, it also focuses our attention on what value existing data generated by the workplace has in engaging staff, rather than relying on the deployment of costly new sensing and control technology.
DATA GATHERING
Our research took place in Arrow Hill (AH), a flagship building of the Southshire 4 Council. Here we gathered building monitoring data, then directly engaged staff through two workshops. We maintained a relationship with the Council to allow for follow-up activities to explore issues raised as a result of the workshops; our aim was to learn not just from the workshop proceedings, but also from subsequent reactions to them. Approximately 500 staff are based at AH, performing a variety of roles from on-site marriage registration to highly sensitive social services. While the building has been designed with the ambition to achieve high energy efficiency (the BREEAM's 5 'excellent' rating), it has performed below expectations, and the council has been keen to explore means of realising the efficiency potential of the building in realworld conditions.
Building Data Monitoring
The operation of AH is recorded via an energy monitoring system (which collects consumption data from the building's gas and electricity supplies) and a building management system (BMS, which monitors internal and external conditions, such as temperature). Gas and electricity consumption is monitored separately in the original and new parts of the building, and electricity consumption is also monitored per floor. It is worth noting that, while the systems are capable of collecting half-hourly data and storing it indefinitely, the provided UI has very limited visualization capabilities.
In line with observations of other workplaces by researchers, e.g. [24] , monitoring was deployed in AH without a proactive strategy for making use of the data.
Six months' worth of half-hourly data from the AH monitoring systems was retrieved as background information. This data provided the researchers with a history of the workplace from which to create visualisations as prompts for workshops.
Workshops
Two workshops were run in AH, targeting strategic "energy decision-makers" within the organisation and office staff. We engaged these two communities separately to minimise the chances of hierarchy affecting the accounts given by participants. We also intended to engage the communities differently, based on our hypothesis of their concerns, i.e. of energy decision-makers around cost and efficiency, and office staff with a comfortable and supportive working environment. In both cases, the workshops were introduced as a collaboration between the Council and a University, to understand how energy can be saved in workplaces; beyond providing lunch, no explicit incentives were provided for attendance. Although the content of the workshops differed, both were structured around activities designed to elicit accounts of energy (and related resource) management. Both workshops were facilitated by four researchers, three of whom were subsequently involved in analysis. Conversations during the workshops were audio-recorded and later transcribed for analysis. Participants were also asked to provide their job title.
Energy decision-makers
The first workshop (W1), lasting approximately a full working day, was attended by 14 managers (12 male, 2 female) with varying stakes in the operation of AH. Participants were selected and invited directly by the leader of the council energy team, involving a wide range of stakeholders. Their responsibilities included savings and efficiency within the organisation; development and implementation of sustainability strategy; facilities management and support; facilities maintenance; and IT management, as well as the surveyor of the "new" build. A number of these attendees are not physically based at AH on a daily basis, even though the building falls under their direct responsibility.
W1 was structured around instances of the data collected from the building. We analysed the six month long dataset to generate a series of visualizations, with the aim to provide a wide range of options that would encourage participants to explore the data without overwhelming them. The choice of initial visualizations was informed by our own exploration of the data in advance of the workshop and included: a comparison of the electricity consumption per square metre of floor space in various parts of the building; the changes in consumption across the seasons; and the variation between work and non-work days in the week. All visualizations were designed to be appropriate to the technical background of participants, rather than being novel in visualisation terms. Further analyses highlighted characteristic features of the typical daily consumption profile, and pinpointed the days of the year with highest and lowest energy consumption. To prompt critique and support discussion, large paper print-outs of the Internal Temperature (RBS_01_WE) Total Gas Consumption Figure 1 . Three examples of the plots used in the first workshops. Each was shown to participants as A3 colour print-out. Top: two weeks of gas consumption data, internal and external temperature. Bottom: electricity consumption over time, plotted for an example weekday when the overall electricity consumption was exceptionally low (left) and exceptionally high (right).
visualisations were given to the participants to mark-up, and the potential insights spotted by the researchers were briefly presented. The participants were then also allowed to directly explore the data behind the visualisations in more detail, assisted by the research team during the workshop (who had the data and query tools on a laptop).
Office staff
The second workshop (W2) took place several months after W1 and was shorter in duration -lasting approximately two hours over lunch provided as compensation by the researchers -to fit around staff working schedules, and was attended by 11 staff (6 male, 5 female) with varying office roles within AH, including business development, finance, and marketing. The participants were split randomly into two groups and given a series of discussion tasks. The tasks were designed to encourage participants to explore the notion of comfort by ranking factors that contribute to a comfortable and productive environment, the degree and mechanisms by which they could control those factors, and how they could measure them. We note that participants for W2 volunteered their time in response to an advert posted by AH managers on internal email lists and so may exhibit certain self-selection biases; where appropriate, we reflect on this in our findings. Given the focus on perceived comfort (rather than directly on energy savings) and the limited time availability of participants in W2, no data visualisations were presented.
FINDINGS
Using transcriptions of the workshop discussions, we carried out a thematic analysis [4] . This analysis started by categorising the material at the sentence level through open codes. Initially 126 open codes were used, later iteratively grouped into 4 broad categories, described in the following subsections. Quotes are labelled with the pseudonym of the speaker, their job family, and the workshop that they attended.
The Difficulty of Understanding the Building Operation
Where energy goes During W1, participants attempted to make sense of the electricity and gas consumption in the building using the data visualizations and figures we showed them. Specific pieces of equipment were pointed at as causes of energy consumption: from printers and monitors to vacuum cleaners, to mobile air conditioning units, to servers. The group tried to infer information from the technical specifications of appliances to explain the consumption on specific electrical circuits. The data visualisations prompted some participants to raise questions about the heating settings in AH, such as the fact that it is turned on from the early hours of the day: "..we think because staff start at seven, that the boilers have to come on at six, so at seven this building has reached 19 degrees, but is that a presumption or do we know we have to have those boilers on that long before a member of staff arrives?" [Jimmy (Energy management), W1]. In some cases, the group agreed that further investigation was necessary around specific issues ("Jimmy (Energy management): There's something about the gas, but in terms of the profile it looks right ... Scott (Engineering): The dodgy base load I think needs investigation ..." [W1]) Some of this analysis, especially when comparing day and night consumption, was focussed on understanding "always-on" consumption 6 : where it comes from, and its size in comparison to the daytime consumption.
An ever-evolving system Energy consumption was also related to the complex process of commissioning, designing and constructing the building. Participants highlighted that the building project was originally commissioned by one organization, which was later merged into the current council, and this transition affected the final design of the building. Even the position of furniture in the open space offices was suggested to influence the air flow and hence the building thermal performance: "if you look at some of the very early drawings, the layout of furniture and storage cabinets, it's no resemblance to what we've got in the building today, which is obviously affecting the natural ventilation, so I think what seems quite minor detail [...] it's what seems an innocent change is having long term effects" [Walter (Property operations), W1]. The building is perceived by our participants as a system in evolution, then, with thermal performance that has changed over time.
Brought together, these elements point towards a complex system of appliances, routines, architectural and infrastructural features, people and physics. In particular, it was clear that no single participant had a clear understanding of all these factors, or of how they interact. Bringing the groups together allowed them to pool their individual understandings, 6 energy consumed by devices that are never turned off and also led to the identification of issues that needed further investigation (leading to follow-up events described later in this paper).
Heating Perception and Adjustments for Comfort
From W1 we learned that heating was considered a major cause of consumption and that the council has a temperature policy that limits temperatures to [19] [20] [21] • C (66-70
• F). However, such policy is not always strictly enforced, partially as a result of staff complaints. Indeed the management group seems to be quite aware of staff complaints about the building comfort and temperature.
The subjective nature of thermal comfort
In W2, participants ranked temperature as a key factor in determining their productivity and comfort. However, part of the discussion in both workshops focussed on the subjective perception of temperature and its conflict with the temperature policy. Participants mentioned a variety of factors that influence thermal comfort, ranging from age, to doing physical activity, to the appearance of outdoors elements. In both workshops various anecdotes were reported to demonstrate how subjective the matter is, for example This previous quote points also at the use of clothing to adjust the individual thermal comfort, and to conserve energy. Indeed, we learned that the council implements an explicit policy around this matter: it distributes branded fleece jackets to employees as a measure against cold. Participants directly related a change in dressing style to energy conservation: "if we tell the reception staff to put on thicker socks and trousers, then we can turn those heaters off under their desk as well" [Scott (Engineering), W1], but also that dressing style may be an obstacle: "I hear so many people going oh, I'm freezing. They know they're going to work on the reception on a Saturday, [...] I'll look at them and say how many layers have you got on? They're in a T shirt and a frilly cardigan" [Judith (Office staff), W2].
Personal adjustments for comfort
Besides clothing, we also heard about a number of other adhoc, individual interventions and remedies that the occupants of AH adopt to improve their own comfort at the office. Many of the efforts seem to be related to thermal comfort, whether trying to cope with cold: "..everyone is bringing in hot water bottles" [Paul (Facilities management), W2], "So that becomes really a part of your working day, making a nice warm cuppa, which of course is going to help with the temperature" [Lori (Office staff), W2], or with heat: "some people brought their own fans in, didn't they?" [Walter (Property operations), W1].
Thermal comfort was a common topic in both workshops, and the question of how to use AH's heating systems to provide a comfortable temperature for all remained unresolved. Some participants raised a lack of control (echoed elsewhere [22] ), but we noted many adjustments to circumvent systems and policy to regain control over participants' personal environments (also noted by others [9] ). Notably, the discussions painted a picture of an uncertain political stance on whether these individual adjustments for comfort are tolerated.
Cost and Organisation Changes
Issues of cost in relation to energy consumption came up in the workshop with energy decision-makers, as they are directly responsible for the bills. However, office staff also considered the issue, but from different perspectives.
Energy as an indirect financial concern
Office staff drew attention to their concerns as taxpayers as well as employees: "we work for a local authority but we also, you know, we're ratepayers. I don't want to be wasting. Once again my council tax hasn't gone up this year: how lucky are we for that to have happened?" [Lori (Office staff), W2]. Moreover, the financial issue was sometimes framed into a wider picture of financial cuts to the public sector in the UK, and job security: "..that is a reasonable temperature, that's how much it's costing, one more degree will cost that, that would cost x amount of jobs" [Adam (Office staff), W2] Indeed we learned that the employees of this council had recently gone through a stressful voluntary redundancy (VR) process: "..they're all upset about stuff, not to mention VR, not to mention pressure, loss of staff, everything is being squeezed, so the management layer in the middle is getting it from all sides." [Walter (Property operations), W1]
Reorganising buildings and human resources
VR is just one measure adopted by the Council as an organization to adapt to recent changes. Small offices have been closed down, with employees relocated: "a lot of people [who] moved into this building have come from [offices] around the city. They've come from small offices" [Jason (Surveyor), W1]. Such a change appears to be part of a council strategy of closing down buildings that are not energy efficient and moving to newly built ones rather than renovating: "you could go bankrupt trying to make that site energy efficient" [Jimmy (Energy management), W1].
This drive to reduce reliance on older buildings has reduced workspace, leading to a complementary "work from home" policy: at the time of our workshops the AH building hosted 1.3 employees per desk, with a plan to reach "a two for one desk policy" within the following 8 months. To make this possible, a clear-desk policy and a hot-desk policy were also being increasingly implemented: staff should be prepared to work from any desk in the office. Adherence to the hot-desk policy, though, was reported to be low: individuals tend to stick to the same desk. The energy decision-makers perceived this behaviour to negatively affect the thermal comfort in the building: "We've got people upstairs with coats on, because that's their desk; 50 desks will be empty, but they won't move, because that's their desk" [Jason (Surveyor), W1].
In summary, awareness of policy and policy changes in both workshops seemed relatively high, although we note that the office staff who volunteered to take part in our workshop may be particularly engaged with their organisation's policy and activities. The range of organisational changes occurring within the council was notable, giving an impression of an organisation (like the building itself) in flux. Of particular significance was the continued focus by both sets of staff on heating as both a major financial and political concern, revealing ways that the impact of energy consumption can be made personal for decision-makers and office staff.
Behaviour Change: Education and Communication
Across both workshops participants referred to behaviour change, often in terms of education. Changes in behaviour were explicitly related to changes in comfort, and energy savings, often in relation to clothing style (as described in the previous subsection).
Skepticism of behaviour change
Some participants in W1, however, questioned the relevance of behaviour change to their situation. In some cases, it was pointed out that the level of automation in the building does not leave much control to occupants: "in this building, there isn't a thermostat on the wall [that] I can go and whack up and influence" [Walter (Property operations), W1]. In other cases, the relative impact was questioned: "What's the point? What's the point of even wasting somebody's time to draft some energy thing that says, switch your monitor off, we're trying to save energy. It's negligible." [Walter (Property operations), W1].
(Lack of) communication
Communication was also suggested to be a possible strategy to increase conservation and reduce complaints: display how much the council spends or saves in energy (and what that would correspond to e.g. in jobs saved, see above), and remind everyone of the current temperature policy. At the same time, we heard skepticism about an existing intervention to address communication around comfort in the building: "building user group" meetings take place periodically, but participants in both workshops appeared doubtful about their effectiveness. Participants referred not only to internal communication, but also to the public image of the council around the issue of energy waste, and the impact it has on taxpayers (see also the previous subsection).
Behaviour change is a commonly discussed option in HCI and broader sustainability communities. In the workshops we found interest in behaviour change and education of colleagues, yet also skepticism about how to effectively integrate these into strategy.
FOLLOW-UP DATA INSPECTIONS
Subsequent to W1, we received communication that the participants had gone on to investigate anomalies in the data visualizations they had discussed during the workshop, and identified energy savings. They realized that the heating of domestic water to prevent legionella (which was briefly discussed at W1, see "Contextualising consumption" above) was being carried out in an overzealous fashion. Reverting to a more energy-conservative setting allowed the saving of approximately 20% of their total gas usage, while remaining within safe guidelines.
Another opportunity to clearly identify energy wastage came upon inspection of data from another council building: Dorton House (DH). DH is managed by some of the attendees of W1 and is an office building considerably smaller than AH, located approximately 30mi north of it. DH houses about 80 employees across two floors, both arranged into an open space. The smaller size means that DH does not have a dedicated facilities manager, but it is remotely managed by a person responsible for several small buildings.
Visually comparing the electricity and gas consumption logs, we noticed an inconsistency. As illustrated in Figure 2 , the electricity consumption pattern indicates that the building is in use Monday to Friday, in accordance with the reports of the occupants. However, gas, which is used mostly for heating, also appears to be consumed on Saturdays, for no apparent reason. A few weeks after we reported this issue to the appropriate energy decision-makers we noticed that the gas consumption logs changed to the expected Monday to Friday pattern, suggesting that the heating settings were amended and there was truly no reason for the heating to be active on Saturdays. The difference corresponds to 1/6th of the total consumed gas, i.e. around 16.7%.
DISCUSSION
Reflecting on our findings, we see demonstrations of the energy consumption issues that make the office workplace distinct from other contexts, such as the home or industrial setting. For example, as in the home, staff do link changes in energy consumption to their financial situation, but we see that this link is indirect via concerns over job security. On the other hand unlike the home, we have seen that workplace energy decision-makers may not inhabit the building they manage, and that there are unique legal and ethical responsibilities for consumption during remote working. Becoming familiar with these nuances is important when considering designing interventions for the workplace, and so we unpack them in more detail here. Figure 2 . The change in gas usage patterns before (top) and after (bottom) reporting that the building was being heated for an extra day, compared to corresponding electricity usage.
Supporting Understanding: Preventing and Fixing Errors
In W1 we found that visualising monitoring data enabled "interrogation and explanation" of energy consumption. This led to further follow-up investigation, after which we observed concrete energy savings coming from two issues rectified by the Council. We consider these two issues "errors", in the sense that they did not influence anyone's comfort or convenience either before or after they were rectified, and did not require substantial effort to correct. We have found that such operational errors are apparently related to our theme of the "difficulty in understanding the building operation", as highlighted by the efforts (or degree of assumption) energy decision-makers made in explaining the complexity and opacity around "where energy goes". It seems that such complexity prevents facilities managers from having a concrete expectation for what a "normal" energy bill should be, similar reports from previous research on the domestic context [38, 43] .
Foundational work about errors was carried out by Don Norman and James Reason in terms of cognitive psychology and HCI [36, 29] . In particular Norman relates errors to his theory of action -an error is a mismatch between intention or goal and the result of action taken -and to an incorrect system mental model. In our case the incorrect mental model could perhaps be described for building occupants as: "the heating is off when I am not in the building." Arguably, this is exacerbated by both the staff's awareness of the many automated features of the building, and the absence of complaints (during out-of-hours) that seem to drive in part the decisionmaking of the management. According to Norman's theory, one way to try to avoid errors is to reduce the gulf of evaluation by making the system status as clearly visible as possible. From a design perspective, then, what we need to make the status of the building easily visible, not only in terms of present status (since this would simply confirm the occupants' mental model of heating), but also historical. We shall return to this point in our implications section.
The occurrence of errors related to energy waste can be noticed in selected prior work, even though not always explicitly highlighted as such. For example, studies of domestic heating have shown that misconceptions of heat and heating systems can lead to constantly and inefficiently heating the home, rather than heating on demand [33] . Moreover, a recent study of a smart thermostat [46] found that participants had air conditioning on when they are away from home, and that this was noticed and recognized as a mistake only when they reviewed the smart thermostat logs with researchers. Yun et al. reported a study and intervention around the usage of individually controlled electrical appliances in the workplace [47] . They observed waste related to appliances like phones and task lights being left on out of office hours, and that savings could be achieved by programmatically turning them off on a schedule. Notably, behaviour change is an option that is commonly discussed in HCI and broader sustainability communities but difficult to implement, yet our findings empirically demonstrate that significant energy savings can also be made by fixing errors -an opportunity given less attention.
Policy and Communication
Through the workshops we have learned about a number of policies adopted by the council with implications on energy consumption, namely the work from home and related hotdesk policies, as well as the temperature policy and the fleece jackets distribution. As suggested through our "Heating Perception and Adjustments for Comfort" theme, a strict temperature policy and an array of "sanctioned adjustments for comfort" limit the amount of control that individual employees can exert. At the same time, it is worth highlighting how our data also indicates that policy implementation is not (or not always) literal or straight-forward, and reveals the spectrum of strategies and negotiations that exist around it. At one end of such a spectrum employees take advantage of sanctioned strategies to improve their wellbeing, such as bringing in extra clothing and drinking hot beverages -the policy is adhered to. In other cases, employees' complaints lead energy managers to relax the temperature policy. In other cases still, employees contravene policy to make "personal adjustments for comfort" or simply ignore the hot-desk policy, returning always to the same location in the office. All these examples indicate the potential for interventions that encourage employees to understand and buy-in to policies; a potential, we argue, that could be realized by interactive technology, and that we return to later in the paper.
Our findings on the theme of "Cost and Organisation Changes" suggest also that office staff may find it interesting and motivating to see the relation of energy policies to issues such as job loss (prevention) or tax. These issues link the council's cost of energy to their personal financial status, resonating to an extent with the domestic setting. Such link is most likely rather specific to public sector organisations like Southshire Council (especially in a time of severe job cuts), but it is interesting nonetheless. It contrasts with previous research that suggests that employees (of a profitmaking company) do not believe that they may gain personal financial benefits from reduced workplace energy costs [22, 17] .
The Bigger (Energy) Picture
In relation to sustainability, the CSCW -and related -research communities have focussed mostly on electricity, fuel, and water consumption [18] . Our participants made a number of comments that demonstrate that energy implications go beyond the energy consumed by the AH appliances, lighting and heating. Our theme of "Cost and Organisation Changes" reveals the extent to which the Council's resources are being reorganised: the migration of staff from small offices to one large building, the flexible working policy that means staff work remotely, the alternative strategies employees adopt to keep themselves warm, to name but a few, all play a role. As such, our data suggests that -especially in the context of the workplace -it is necessary to look at a bigger energy picture.
Through the 2-to-1 desk policy, the council is encouraging people to work from home 50% of the time and thus outsourcing energy consumption. However, research has shown that teleworkers actually tend to travel greater total distances than conventional workers, and can consume significant "home office" resources [19] . Heating one home for each employee is also arguably less efficient than heating one larger purposebuilt building. What is the overall balance? It may be impossible to accurately calculate this for AH, but it is also overly simplistic to simply assume that teleworking is environmentally beneficial.
Carbon embodied in buildings is also an issue that emerges from our data: our participants reported that the council has a strategy of closing buildings perceived as being energy inefficient, and moving staff into new buildings. However, as the experience of AH has shown, it is often the case that new builds do not perform as expected (see "an ever-evolving system"). In addition, significant amounts of energy are consumed in replacing buildings (producing building materials, transporting them to a site, actual construction, demolishing, disposing, recycling) [3] . When the lifecycle of the building is considered rather than purely its operation, is the replacement of buildings (rather than refurbishment) energy efficient?
IMPLICATIONS
Our findings and discussion paint a picture of buildings as complicated energy-consuming systems of people, activities, infrastructure and architecture. At a general level the main implication of our work is that we need to go "beyond individual persuasion". While such an argument had been put forward before by others in the research community, based mostly on reflection and meta-reviews [5, 21, 26, 31] , we corroborate such argument through data from our workshops and observations. Moreover, and perhaps more importantly, leveraging our findings from the field, we propose three specific directions for the research community where we see opportunities for interactive interventions that complement and go beyond existing interventions.
The first two implications are largely around interactive, ambient visualizations aimed chiefly at building occupants (rather than energy and facility managers). Even though ambient displays have often been proposed in the context of sustainable interactive technology, both in terms of research prototypes (see e.g., [18, 13, 35] ) and actual products (e.g., the LEED Dynamic Plaque), the emphasis is generally on summative (usually aggregate) indicators, meant to capture the energy performance of the buildings or its users, sometimes in terms of monetary cost, sometimes in terms of comparison with other buildings. However, as discussed in the previous section, our data indicates that defining metrics that can unambiguously summarize the performance of a building, taking into account the complex context of usage may at times be a difficult, if not intractable problem. Therefore we propose alternative applications of such technology.
Making Building Operation Visible
We see an opportunity in helping building inhabitants (e.g. office staff) better understand its operation, to promote the development of a more accurate mental model, so that they could more easily recognize the kind of errors discussed above, and report them to the energy decision-makers. As revealed by our data, decision-makers are often physically distant from the buildings they are responsible for, and hence they may lack detailed information about the building's usage that is instead easily available to inhabitants. A concrete example would be a display of the building internal temperature traces over the past seven days, alongside information about human activity in the building. The visual comparison of these two streams of information may reveal instances where the empty building is heated (see e.g. Figure 2 ). Abundant data about the building are often already available from existing BMS installations; for example environmental information such as internal and external temperature, humidity and CO2. Activity data could be abstracted from presence sensors, often already installed in buildings for security purposes, or from electricity consumption logs. Such displays will need to be made engaging, to attract attention, and easy to understand for users who may not have technical training -design challenges that our community is well positioned to address [18, 13] . The participants in our W2 showed interest and commitment to energy saving, suggesting that a well designed intervention may have potential to attract the attention of at least some employees, such as 'energy champions' [20] .
While we argue that the topic of interactive systems that illustrate the buildings operation to end-users is underinvestigated, it is worth highlighting that a limited number of examples have already been published -these can provide inspiration for further development 7 . DoppelLab -a platform to create representations of general sensor network data -has been used to visualise and interrogate temperature data in workplaces [14] . An initial deployment of the system revealed malfunctions in the HVAC system, which had previously gone unnoticed. Similarly, FigureEnergy is an interactive system to annotate consumption logs, aimed at helping users make sense of the information [10] . A deployment of FigureEnergy with 12 households revealed that the system can enable users to shed new light and make discoveries around their own energy consumption. Finally, Yun et al. [47] reported an intervention in the workplace where historical energy consumption is displayed, even though their emphasis is on the automatic scheduling and the remote control of such appliances (raising questions about the energy efficiency and sustainability of such approach compared to a manual one).
Communicating and Contextualizing Policy
Having discussed the important role policy plays in relation to energy consumption in the workplace, and how this aspect is under-investigated, another important implication is to take policy explicitly into account in the design of energy-saving interventions. In particular, we see opportunities around reinforcing or enhancing policy communication, placing it in relation to the current building operation. Local, situated displays may be a useful means of framing local working conditions in terms of company policy. A specific example would be to show building occupiers that the current temperature is (or is not) within the policy range. Such display may reassure them that if they felt cold or hot it would be due to subjective perception. The display may also highlight the implications of adherence or deviation from policy, for example in terms of monetary cost and equivalent job cuts. Even though our data revealed that employees seemed generally aware of policy, and skepticism has been expressed towards displays of the current temperature, we believe that showing the two pieces of information together has potential to generate reflection and discussion about the policy, as well as to the more general strategies embraced by the company. Indeed, local displays (perhaps interactive) may be, more in general, a useful means of engaging building occupants in two-way dialogue around policy and organisational change.
Accounting for Energy Beyond the Building
Our research has emphasised the need to step back and consider the "bigger energy picture" of the workplace. To make it possible to design systems that reveal this picture, it is necessary to look beyond the walls of the workplace. To evaluate embodied and outsourced energy related to workplace activities, we must extend the reach of existing monitoring systems to track data on consumption that is both physically remote and temporally remote. For example, taking into account the energy consumed by staff working from home, but also energy consumed in constructing and demolishing the workplace, including the embedded energy costs of different construction materials [1, 3] . To this end, it is good to see that some certification programmes, such as LEED, already consider inhabitants transportation surveys to influence the performance score of a building, yet our data suggests opportunities to extend the scope of analysis even further.
Information systems could be developed to integrate elements of life-cycle analysis into the organisation's strategic decision-making, not just in building certification. However, given the range of actors and length of time involved in a building's life, maintaining provenance of the data may be difficult, and developing effective UIs to query such data is an open challenge [6] . Similarly, most life-cycle analysis is based on approximations and projections, so additional challenges involve the truthful representation of such sources of uncertainty, while still making the displayed information actionable. It is important to question not just the extent to which such systems might provide useful insights (how much detail is it useful for energy decision-makers to know?), but also the extent to which it is legal or ethical for an organisation to track an employee working from home. Researchers have shown how it is possible to infer television-watching and eating habits -among other personal insights -from domestic energy data [32] . We question whether staff would accept such monitoring, and suggest that designers of systems that harvest data from outside the workplace must consider whether and how to do so while being privacy-preserving.
CONCLUSION
This paper has presented a study of energy consumption and management in one particular building -Arrow Hill -used by a UK district council. Our approach involved collaboration with a broad range of stakeholders over two workshops, maintaining a long-term relationship with the organisation, as well as using real data from building systems as a prompt for critical interrogation. Such a combination of techniques allowed us to extract a number of novel findings, validating our approach. The usage of real building data led us to a discussion of how errors in building operation happen -such as those observed during our study of Arrow Hill -and how they might be detected. The involvement of different stakeholders revealed inconsistencies in the way they understand the building as a complex system, as well as the relationships across policy, energy and comfort. Drawing upon these findings, our contribution is in highlighting the complexity that surrounds energy consumption in the workplace, and putting forward specific opportunities to design interventions, while also emphasising the need for further research in this area.
At a more general level, our findings and subsequent themes empirically corroborate the suggestions made by previous literature, but also extend this previous research. While prior work reported interventions to address the (limited) control available to individuals within an office environment [30, 47] , our engagement of both decision-makers and office staff demonstrated that both sets of stakeholders have distinct roles to play in collaboratively managing the building, bringing together knowledge of context, how the building functions and the ability to exert control. Little can be found in the literature to date about the role that interactive technology may take around policy to support sustainability. Even though others have convincingly questioned or criticised the emphasis on individual consumers found behind most sustainable HCI interventions [5, 21, 26, 31, 43] , it is rare to find explicit and direct references to policies, whether at a company or public level. We consider this to be an important gap in the literature, given the central role that policy plays in the daily life of the workplace as well as, more generally, in society.
Finally, we note that our implications touch a range of research communities: designing sensing systems that capture the bigger energy picture of transient workforces and full building life-cycles draws on the expertise of the ubicomp community, while such systems raise ethical implications that will require the engagement of privacy researchers. We call on the CSCW and HCI communities to design interventions that encourage staff and decision-makers to collaborate on the task of error-fixing, and to consider how to incorporate representations of policy directly into such interventions.
